In this study, toxic effects of lead nitrate [Pb(NO 3 ) 2 ] and the hepato-nephroprotective role of Nigella sativa seed extract (NSSE) against toxicity were studied in albino mice. For this aim, mice were randomly divided into six groups as: Group I treated with tap water, Group II: 300 mg kg-1 bw NSSE, Group III: 600 mg kg -1 bw NSSE, Group IV: 500 mg kg -1 bw Pb(NO 3 ) 2, Group V: 300 mg kg -1 bw NSSE+500 mg kg -1 bw Pb(NO 3 ) 2 , Group VI: 600 mg kg -1 bw NSSE+500 mg kg -1 bw Pb(NO 3 ) 2 . After experimental procedure the changes in blood urea nitrogen (BUN), creatinine, alanine transaminase (ALT), aspartate transaminase (AST) levels of blood serum, glutathione (GSH) and malondialdehyde (MDA) levels of liver and kidney tissues were investigated. And also histopathological examinations of liver and kidney tissues were studied. At result, significant increases were observed in BUN, creatinine, ALT, AST levels of mice treated with Pb(NO 3 ) 2 . GSH levels were decreased, MDA levels were increased in kidney and liver tissues after Pb(NO 3 ) 2 treatment. In histopathological examinations binucleated cell, karyomegaly, stellate cell and bilirubin pigment deposit were observed in liver tissue while hyaline cast, thickening of the basement membrane, albumonid content and inflammatory leukocytes were observed in kidney tissue in Group IV. NSSE treatment in Group V and VI was ameliorated the toxic changes in level of serum parameters, GSH and MDA levels and histopathological damages of tested tissues. As a result, it was determined that NSSE decreases hepato-nephrotoxicity with a dose dependent manner induced by Pb(NO 3 ) 2 and leads to an improvement associated with its components.
INTRODUCTION
The rapid increase in the world's population and the industrialization has brought along many problems. Environmental pollution and the negative impacts of pollution on living organisms are the most important problems. Nowadays, various chemical substances are used in many sectors in industrial sectors. Heavy metals are chemicals frequently used in industrial areas which cause environmental pollution and have serious toxic effects on living organisms. Heavy metals are elements with a specific gravity greater than 5 g cm -3 and an atomic number greater than 20 (Kafadar and Saygıdeger, 2010) . Heavy metals contaminate the environment by natural ways or by various industrial activities. Natural contamination is caused by soil erosion, volcanic activity and atmospheric particles, while industrial contamination occurs as a result of metal processing, textile and nuclear sectors (Gur et al., 2004) . Lead (Pb) is one of the most toxic elements naturally occurring on Earth and is one of the most utilized metals in the world. Pb contaminates the environment, especially the atmosphere as a metal or compound and has high toxicity due to its accumulation properties. Pb is used in the production of petrol additives, automobile parts, pesticides and batteries. Moreover, urban wastes, exhaust fumes of vehicles, mineral and volcanic activities, fertilizers and drugs used in agriculture are the main causes of Pb contamination (Kennedy and Gonsalves, 1987; Abdullahi, 2013) . No matter which exposure occurs Pb exposure causes serious toxic effects on organisms. Kidneys and liver are severely affected by Pb toxicity and high Pb concentrations can cause brain damage, seizures, coma and death. In many studies, Pb exposure was reported to cause fatigue, nervousness, decreased sensory and motor reaction times, cardiovascular system disorders and myocardial infarction (Abdullahi, 2013) .
The usage of natural supplements without side effects against the toxic effects of chemicals is quite popular recently. Nigella sativa seed is a natural nutrient that has a long established historical basis for health problems which is belongs to the Ranunculaceae family (Ahmad et al., 2014) . NSS contains different constituents such as carbohydrates, fats, essential amino acids, vitamins and is a strong source of potassium, calcium and iron. Studies in the literature have shown that Nigella sativa seed extract (NSSE) has antimicrobial, antiinflammatory, antihypertensive, analgesic, anticarcinogenic, hypoglycemic, hepatoprotective and antioxidant effects (Shrivastava et al., 2011; Norsharina et al., 2011) . The activity of NSSE is mostly due to oil and quinone components, and in particular, 30-48% of the total compounds constitute timocinone, which is an important bioactive component. Other functional components of the NSSE include p-cymene, carvacrol, thymohydroquinone, dihydrothymoquinone, αthujene, thymol, t-anethole, p-pinene, a-pinene and p-terpinen (Norsharina et al., 2011) .
In this study, toxic effects of Pb(NO 3 ) 2 were investigated by terms of biochemical aspects in albino mice and protective role of NSSE against the toxic effects was investigated. ALT and AST were investigated as liver damage markers and also BUN and creatinine were as renal failure indicator. In order to evaluate the antioxidant balance in kidney and liver tissues, GSH and MDA levels were also investigated. The histopathological preparations of both tissues were examined and the damages were revealed in detail.
MATERIAL AND METHODS

Animals and Chemical
Pb(NO 3 ) 2 and other chemicals were obtained from Sigma-Aldrich Inc. NSSEE (grounded black seed powder) was obtained from 1001Natural. In this study, 36 adult Mus Kürşad YAPAR et al.
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In Vivo Hepato-Nephroprotective Role of Nigella sativa Seed Extract Against Lead Nitrate [Pb(NO3)2] Induced Toxicity in Albino Mice musculus var. albinos mice with 25-30 g weight maintained in Giresun University Experimental Animals Research Laboratory were used.
Experimental Protocol
The experiments were carried out with 36 male Mus musculus var. albino mice (12-14 weeks old, body weight of 25-30 g). The mice were housed in stainless steel cages and kept under controlled conditions at 22 ± 3°C, 55 ± 5% relative humidity and a 12-hour light/dark cycle throughout the experiment. In this study, the methods and techniques applied to mice were carried out according to the guidelines set by the World Health Organization (Geneva, Switzerland) and the ethical standards of the local ethical committee for animal experiments at Giresun University (Protocol date: 27.04.2016, Decision number: 2016/01).
Animals were assigned to 6 groups, 1 as control and 5 as treatment groups and each group contained 6 animals. During the 10 weeks application period, mice in the control group were fed orally with tap water and mice in the Group II and Group III were respectively fed orally with 300 mg kg -1 bw and 600 mg kg -1 bw doses of NSSE. Mice in Group IV were fed orally with 500 mg kg -1 bw Pb, mice in Group V were fed orally with 500 mg kg -1 bw Pb+300 mg kg -1 bw NSSE seeds and mice in Group VI were fed orally with 500 mg kg -1 bw Pb+600 mg kg -1 bw NSSE.
Serum Analysis
For serum isolation, whole blood samples were collected by cardiac puncture under mild ether anesthesia. Blood samples were transferred directly into plain vacutainer tubes, centrifuged at 1200g for 10 min at 4 ºC and stored at −20 °C until analysis. Blood BUN (Teco Diagnostics, CAT. NO: B549-150, USA), creatinine (Teco Diagnostics, CAT. NO: C513-480, USA), AST (Teco Diagnostics, AST/GOT Liquid Reagent, CAT.NO: A559-150, U.S.A) and ALT (Teco Diagnostics, ALT/GPT Liquid Reagent, CAT.
NO: A524-150, U.S.A) levels were measured by using commercially available test kits with a Medispec 99 M Chemistry autoanalyzer.
GSH and MDA Analysis
At the end of the treatment period, animals were sacrificed after an overnight fasting, by exsanguinations under ether anesthesia. The liver and kidney tissues of each animal were removed, cleaned, dried and processed for biochemical measurements. The tissues were homogenized in cold 0.15 M KCI by a homogenizer (Ultraturrax Type T25-B, IKA Labartechnie) at 16000 rpm for 3 min. The homogenates were centrifuged at 5000 g at 4 o C for 1 h. The supernatants were stored at -40 o C until they were analyzed. Tissue GSH and MDA contents were measured colorimetrically as described by Beutler et al., (1963) and Yoshoiko et al., (1979) , respectively.
Histopathological Examination
For histopathological examination, fresh tissue samples of liver and kidney were fixed in 10% neutral buffered formalin solution for routine processing and embedded in paraffin wax sectioned at 5 micron then stained with Hematoxylin and Eosin (H-E). Histopathological changes were semiquantitatively assessed under a light microscope with an ocular with grids and 4x, 10x, 40x objective, respectively.
Statistical Analysis
The statistical analyses were carried out with SPSS for Windows v22.0 (IBM Corp.).
Results were analyzed using one-way ANOVA and Duncan's test. Data for MDA and GSH were given as mean ± standard error (SE), while the mean ± standard deviation (SD) was shown for AST, ALT, BUN and creatinine, and values of p<0.05 are considered statistically significant. 
RESULTS AND DISCUSSION
Biochemical Changes
The effects of Pb(NO 3 ) 2 and NSSE treatment on some biochemical parameters of mice were shown in Table 1 . Both dose of NSSE administration in Group II and III did not alter the level of serum parameters when compared to the control values. The levels of selected parameters showed similar levels in Group I, II and III. These results indicate that both doses of NSSE treatment-alone do not cause any changes in AST, ALT, BUN and creatinine levels. However, significant changes were observed in Pb(NO 3 ) 2 treated group (p<0.05). AST, ALT, BUN and creatinine levels were 1.75, 1.59, 1.66, 2.82 times higher in Group IV compared to control group. This result showed that creatinine level was more sensitive to Pb(NO 3 ) 2 toxicity compared to other parameters. In Group V and VI, NSSE administration with Pb(NO 3 ) 2 treatment significantly reverted the increase of AST, ALT, BUN and creatinine levels. For confirm this hypothesis, it can be said that creatinine level was found as 2.82 times and 1.77 times higher than control level in Group IV and Group VI, respectively. This result concluded that NSSE treatment decreased the Pb(NO 3 ) 2 induced toxicity and showed a protective effect in a rate of 63%. These results can be explained by protective role of NSSE. 
Oxidative Stress and Lipid Peroxidation
The effects of Pb(NO 3 ) 2 and NSSE treatment on MDA and GSH levels of liver and kidney tissues was shown in Figure 1 and Figure  2 . The levels of MDA and GSH levels in related tissues showed similar rates in Group I, II and III. However, MDA and GSH level of liver and kidney tissues showed significant changes after Pb(NO 3 ) 2 treatment. Namely, Pb(NO 3 ) 2 treatment caused an increase in MDA levels of liver and kidney tissues but caused a decrease in GSH levels. After Pb(NO 3 ) 2 exposure, MDA levels of liver and kidney tissues were 2.16 and 1.99 times higher, GSH levels were 2.04 and 2.44 times lower compared to control, respectively. The administration of NSSE with Pb(NO 3 ) 2 treatment significantly ameliorated the changes in MDA and GSH levels, and these results can be explained by protective role of NSSE.
Histopathological Changes
Histopathology of liver and kidney tissues after Pb(NO 3 ) 2 treatment was also investigated. There were no change in the histological examinations of the kidney and liver tissues of Groups I, II and III. In histopathological examinations of Pb(NO 3 ) 2 treated kidney (Group IV) hyaline cast, thickening of the basement membrane, albumonid content and inflammatory leukocytes were observed ( Figure 3E and 3F) . Binucleated cell, karyomegaly, stellate cell and bilirubin pigment deposit were observed in Pb(NO 3 ) 2 treated liver tissue. Two different doses of NSSE treatment showed a partial improvement in the histopathological changes (Table 2 ). In Group V and VI, NSSE treatment significantly decreased the levels of histopathological findings compared to group IV. In this study, in vivo effects of Pb(NO 3 ) 2 in Swiss albino mice and the protective effects of NSSE against toxicity were investigated. According to histological and biochemical results, we confirmed that, 500 mg kg -1 Pb(NO 3 ) 2 exhibits toxic effects especially on liver and kidney tissues and NSSE show a protective effect against these toxic effects. After Pb(NO 3 ) 2 treatment, serum ALT and AST levels of albino mice showed a strong increase and elevated liver enzymes may indicate inflammation or degeneration of hepatic function and hepatic injury. These alterations observed in this study can be explained by the direct or indirect toxic effects of Pb. Pb causes oxidative stress in cells and results in destruction of membrane lipids, proteins, cell membrane and consequently cell deformation (Kasperczyk et al. 2014) . As a result of these toxic effects, normally the enzymes in the cytoplasm of hepatocytes pass into the bloodstream and the levels in the blood increase abnormally and this increase in serum AST and ALT levels indicates liver damage (Pari and Murugan, 2004; Stefano et al., 2006) . Mazreku et al., (2017) observed significant increases in ALT and AST levels of albino mice treated with 90 mg kg -1 Pb (II) acetate and reported that the increase was more pronounced at AST level. In this study, serum BUN and creatinine levels showed a strong increase after Pb(NO 3 ) 2 treatment and this increase indicates renal damage. The nephrotic syndrome causes increases in blood levels of creatinine and BUN, which are two biochemical indicators of kidney damage (Ebert and Nagar, 2008) . Similarly, Zhang et al., (2013) reported that serum BUN and creatinine levels were notably elevated in 40 mg kg -1 day Pb acetate treated mice.
In order to determine the effects of Pb(NO 3 ) 2 treatment on oxidative parameters MDA and GSH levels of liver and kidney of tissues were examined. As a result, a significant increase in MDA and a significant decrease in GSH levels of tissues exposed to Pb(NO 3 ) 2 were observed which is in agreement with the previous studies (Cavusoglu et al., 2011) . Pb is reported to disrupt the antioxidant balance in the cell by causing oxidative damage (Kasperczyk et al. 2014) . When the oxidant and antioxidant balance in the cell deteriorates, irreversible damage occurs in the cells. Therefore, changes in tissue GSH and MDA ratios are an important indicator of oxidative damage (Jones, 2002; Gilmore and Kirby, 2004) . A decrease in GSH level and an increase in MDA level indicate oxidative damages in liver and kidney tissues induced by Pb(NO 3 ) 2 . The increase in AST and ALT levels, and a change in liver MDA and GSH levels indicate significant liver damage. Similarly, an increase in BUN and creatinine levels, and a change in kidney MDA and GSH Kürşad YAPAR et al.
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In Vivo Hepato-Nephroprotective Role of Nigella sativa Seed Extract Against Lead Nitrate [Pb(NO3)2] Induced Toxicity in Albino Mice levels indicate kidney damage. Tissue histopathology was examined to confirm these results. In histopathological examinations hyaline cast, thickening of the basement membrane, albumonid content and inflammatory leukocytes were observed in Pb(NO 3 ) 2 treated kidney tissue. Binucleated cell, karyomegaly, stellate cell and bilirubin pigment deposit were observed in Pb(NO 3 ) 2 treated liver tissue. These findings are the evidence of pathological damages induced by Pb(NO 3 ) 2 in the liver and kidneys and support the changes in biochemical and oxidative parameters. Toxicity of Pb(NO 3 ) 2 observed in this study can be explained by Pb 2+ toxicity which is ionized in water. Pb(NO 3 ) 2 readily dissolves in water to give Pb 2+ and NO −3 ions. The ionic mechanism of Pb toxicity results from the ability to replace cations such as Ca and Na. Such cations are very important for the survival and continuity of cells, and the replacement of these cations leads to inhibition of many metabolic pathways. Significant deterioration occurs in various biological processes such as cell adhesion, intracellular and intracellular signaling, protein folding, ionic transport, enzyme regulation (Flora et al., 2008) . Deterioration of the cells affects the tissues and the damage to the tissues affects whole organism.
Also 300 mg kg -1 and 600 mg kg -1 NSSE treatment in Group V and VI showed a partial improvement in biochemical parameters, GSH and MDA levels and exhibited a clear protective effect against pathological damages compared to Group IV. It was shown that NSSE treatment has a dose-dependent protective effect against Pb(NO 3 ) 2 toxicity. Many studies have demonstrated the analgesic, antilipemic, postcoital contraceptive, diuretic and antihypertensive, bronchodilator and calcium antagonist, histamine release inhibitor, hepatoprotective, anthelmintic, antifungal, antimicrobial, anticancer and anti-inflammatory activities of NSSE (Shrivastava et al., 2011; Ahmad et al., 2014) . The majority of these activities are related to the phytochemical content of the seed. Phytochemical studies determined that more than 100 ingredients were found in NSSE. A combination of fatty acids, essential oils and trace elements is believed to contribute to the pharmacological activity. Several studies have demonstrated the antioxidant and protective activities of NSSE. The protective effect of NSSE observed in this study can be explained by the inhibiton of oxidative damage induced by Pb(NO 3 ) 2 . Similar, Rastogi et al., (2010) have investigated the protective effects of N. sativa against radiationinduced oxidative damage and results indicated that N. sativa has a significant protection. Yesmin et al., (2013) examined the protective effects of N. sativa against liver damage associated with oxidative stress and reported that pretreatment with N. sativa decreased the serum ALT, hepatic MDA level and increased hepatic GSH in rats.
CONCLUSION
The Pb(NO 3 ) 2 , which is frequently used in industrial areas and contaminated the environment, causes various toxic effects. In this study, the toxic effects of Pb(NO 3 ) 2 treatment in albino mice were evaluated by biochemical aspect and the protective effects of NSSE against these toxic effects were examined. As a result, it was observed that Pb(NO 3 ) 2 treatment causes abnormal changes in the biochemical parameters that indicate liver and kidney damage and cause serious pathological findings in these tissues. It has been found that NSSE decreases the toxicity in a dose dependent manner and leads to an improvement in all parameters. Therefore, it has been determined that NSSE can be used as a protective food against the toxic effects generated by chemicals, especially heavy metals.
